Little is known about the use of guideline-directed medical therapy (GDMT) in outpatients with heart failure with reduced left ventricular ejection fraction (HFrEF; ≤40%) in India. Our objective was to understand the use of GDMT in outpatients with HFrEF in India. The Practice Innovation And Clinical Excellence (PINNACLE) India Quality Improvement Program (PIQIP) is a registry for cardiovascular quality improvement in India supported by the American College of Cardiology Foundation. Between January 2008 and September 2014, we evaluated documentation of use of angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) and β-blockers, or both, among outpatients with HFrEF seeking care in 10 centers enrolled in the PIQIP registry. Among 75 639 patients in the PIQIP registry, 34 995 had EF reported, and 15 870 had an EF ≤40%. The mean age was 56 years; 23% were female. Hypertension, diabetes, coronary artery disease, and myocardial infarction were present in 37%, 23%, 27%, and 17%, respectively. Use of ACEIs/ARBs, β-blockers, and both were documented in 33.5%, 34.9%, and 29.6% of patients, respectively. The documentation of GDMT was higher in men, in patients age ≥65 years, and in those with presence of hypertension, diabetes, or coronary artery disease. Documentation of GDMT gradually increased over the study period. Among patients enrolled in the PIQIP registry, about two-thirds of patients with EF ≤40% did not have documented receipt of GDMT. This study is an initial step toward improving adherence to GDMT in India and highlights the feasibility of examining quality of care in HFrEF in a resource-limited setting.
Introduction
India has an increasing burden of traditional atherosclerotic cardiovascular risk factors and cardiovascular disease (CVD). 1, 2 The prevalence of heart failure (HF) in India is also expected to increase over time because of the rising prevalence of CVD, particularly coronary artery disease (CAD). 3, 4 In addition, presence of nonatherosclerotic diseases such as rheumatic heart disease and a decline in competing cause of death and aging population is also expected to contribute to an increasing burden of HF in India, including HF patients with reduced ejection fraction (HFrEF; ie, a left ventricular ejection fraction ≤40%). 3, 4 Guideline-directed medical therapy (GDMT), such as the use of angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) and β-blockers, has a class I indication for use in patients with HFrEF. 5, 6 Furthermore, use of these medications is currently a performance measure for HFrEF in the United States. 7 In a hospital-based registry of 1205 HF cases in Trivandrum, Kerala, India, evidence-based medical therapy was used in 19% and 25% of inpatients with left ventricular systolic dysfunction during hospital admission and at hospital discharge, respectively. 8 Little is known about GDMT in patients with HFrEF in the outpatient setting in India and feasibility of such an evaluation in a resource-limited setting. The purpose of this study was to determine the feasibility of outpatient quality of care assessment among patients with HFrEF in India. We examined the use of ACEIs/ARBs and β-blockers in patients with HFrEF seeking care in outpatient cardiology practices in India, using data from the Practice Innovation And Clinical Excellence (PINNACLE) India Quality Improvement Program (PIQIP), 9 which is an extension of the American College of Cardiology's PINNACLE registry in the United States. 
Methods

Data Collection
Details about data collection in the PIQIP registry have been previously described. 9 Briefly, trained personnel who held a bachelor's degree in pharmacy collected the data by scanning each outpatient card, which were assigned to each patient visiting a cardiologist's clinic. The outpatient cards contain patients' demographic information, diagnoses, pertinent laboratory results, and prescriptions. Because of a lack of local standards governing patient data collection, our methods for data collection were held to the standards of the Health Insurance Portability and Accountability Act (HIPAA).
Study Population
For the purpose of this study, we included patients seen between January 1, 2008, and September 30, 2014. Participation of practices in the registry was voluntary, and all practices currently participating in the registry were included in the current analysis (N = 10 practices). All patients visiting the cardiology practices were eligible for the PIQIP registry. Patients without a documented EF or EF >40% were excluded from our analysis.
Statistical Analysis
In this descriptive study, we examined demographic variables, prevalence of comorbid conditions, and GDMT in patients with HFrEF. As each patient in the registry could have multiple encounters during the study interval, we defined GDMT for a unique patient as the documentation of prescription of any dose of these medications at any encounter during the study interval. We first assessed demographic variables, followed by GDMT documentation in all patients with HFrEF and by subgroups of age (<65 vs ≥65 years), sex, and history of hypertension (HTN), diabetes mellitus (DM), and CAD. For these analyses, the unit of analysis was based on any encounter for each patient.
We also examined quarterly trends in the documentation of GDMT. For these analyses, the unit of assessment was all encounters during each study quarter. Finally, we examined the range of medication use per site after excluding sites with <20 patients with HFrEF. All analyses were conducted with SPSS version 20 (IBM Corp., Armonk, NY).
Results
A total of 75 639 patients were enrolled in the PIQIP registry during the study period. Ejection fraction was documented in 34 995 patients (46.3%). Our study population comprised 15 870 patients with EF ≤40% based on any encounter (21.0% of total, and 45.4% of those with documented EF). The total number of patient encounters for those with HFrEF was 33 562 during the study period. The mean EF (SD) in patients with HFrEF was 31.5% ± 7.2%. There were a total of 58 cardiologists from 10 practices, with each cardiologist caring for, on average, 273.6 patients with HFrEF.
Demographic characteristics of the study cohort are presented in Table 1 . The mean age of the study participants was 56 years, of which 74% were age <65 years and 23% were female. The mean systolic and diastolic blood pressure was 123 and 77 mm Hg, respectively. Hypertension and DM were prevalent in 37% and 23% of the patients, respectively. History of myocardial infarction and CAD were documented in 17% and 27%, respectively. Other conditions such as current tobacco use, dyslipidemia, atrial fibrillation, and history of stroke were documented to be present in only a small portion of the population.
In patients with HFrEF, receipt of ACEI/ARB, β-blockers, and both were documented in 33.5%, 34.9%, and 29.6%, respectively ( Figure 1 ). The GDMT was more likely to be prescribed in patients age ≥65 years than in those age <65 years; in more males than females; and in patients with history of HTN, DM, or CAD than in those without the presence of those conditions ( Table 2 ). Documentation of receipt of both ACEI/ARB and β-blocker therapy was 28.4% and 32.9% in patients age <65 years and age ≥65 years, respectively; 31.1% and 24.4% in males and females, respectively; 34.6% and 26.6% in patients with and without history of HTN, respectively; 41.1% and 26.1% in patients with and without history of DM, respectively; and 49.9% and 22.0% in patients with and without history of CAD, respectively (P < 0.001 for all).
The documentation of GDMT gradually increased over the study period (Figure 2 ). Therapy with ACEI/ARB, β-blockers, and ACEI/ARB plus β-blockers was documented in 27.6%, 27.8%, and 24.8%, respectively, in the first study quarter (January to March 2008); and in 44.9%, 51.2%, and in 41.3%, respectively, in the last study quarter (July to September 2014). After excluding sites with ≤20 patients with HFrEF, the site-level documentation rates among patients with HFrEF varied between 6.1% to 35.6% for ACEI/ARB, between 9.8% to 37.0% for β-blockers, and between 4.5% to 31.8% for ACEI/ARB plus β-blockers.
Discussion
In this study of patients seeking outpatient care in 10 cardiology practices in India, HFrEF was present in 21% of all the PIQIP registry participants and in 45.4% of patients with documented EF. Receipt of ACEI/ARB was documented in 33.5%, β-blockers in 34.9%, and both classes of medications in 29.6% of the patients with HFrEF. The documentation of GDMT was higher in patients age ≥65 years, males, and patients with history of HTN, DM, and CAD. The documentation improved gradually during the study period.
The burden of HFrEF is expected to increase in India with increasing prevalence of CAD and its risk factors. 3, 4 Indirect estimates report the prevalence of HF to be about 1.3 to 22.7 million. 3, 4 In this study, we found that 21% of study participants had HFrEF. Echocardiography may be expensive for wider use in India to screen for patients with HFrEF. Using echocardiography in patients with a high pretest probability for HF, such as those with high B-type natriuretic peptide levels or those with physical-examination findings suggestive of systolic HF, may be an effective way to identify patients with HFrEF.
A study estimated the total HF spending in India in 2012 to be $1.18 billion, with an estimated direct cost of $80 million and indirect cost of $1.1 billion. 10 Medications such as ACEIs or ARBs and β-blockers have been shown to reduce the risk of death and hospitalizations in patients with HFrEF and are a class I guideline recommendation. 5, 6 Therefore, optimal treatment of HF and examining quality of HF care in India is important from a public-health perspective. Furthermore, participation of facilities in HF practice-improvement programs in the United States has been associated with an improvement in evidence-based care delivery, adherence to performance measures, and decreased length of stay in hospitalized HF patients. 11, 12 Therefore, our study represents an important first step in understanding patterns of outpatient care in patients with HFrEF in India.
While assessing the feasibility of quality of care in patients with HFrEF in the PIQIP registry, several challenges were encountered. In the United States, comprehensive Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; DM, diabetes mellitus; GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction; HTN, hypertension. Data are presented as %.
The P value comparing use of all GDMT within each subgroup was <0.001. Figure 2 . Quarterly trends in the documentation of GDMT in patients with HFrEF. Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, β-blocker; GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction; Q, study quarter.
documentation is mandated by payers (for example, insurance providers), but in India most patients pay for their medical expenses on their own. 13 Because patients are responsible for maintaining their own medical files and bringing them to and from physician visits, detailed official medical record-keeping is not a priority in India. This is important to consider in developing a registry in a setting with high clinical workload with little emphasis on documentation. As expected, additional resources were needed for data collection and management, and there was a concern about changing physicians' clinical workflow. However, with careful planning and coordination, the study was feasible without actually affecting increasing workload, and local physicians were supportive of the study. In a hospital-based registry of 1205 HF cases from Trivandrum in Kerala in India, 8 optimal medical therapy (defined using a combination of β-blockers, ACEI/ARB, and aldosterone receptor blockers in patients with left ventricular EF <45%) was prescribed to 19% and 25% of patients during hospitalization and at hospital discharge, respectively. An ACEI or ARB was prescribed in 48% and 50%, and β-blockers were prescribed in 56% and 60% in patients with EF <45% during hospitalization and at hospital discharge, respectively, which was higher than we have observed in the current study.
There are several possible reasons for lower documentation of GDMT seen in our study. There is a very high clinical demand for cardiologists in India, 13 which we have also shown in the care of patients with HFrEF. On average, there were only 2 encounters per patient over 7 years, and about 1 cardiologist caring for 274 patients. This could impact continuity of care and ability to improve use of GDMT. As discussed earlier, comprehensive medical documentation for outpatient encounters is not a common practice in India. The outpatient cards usually do not have information on contraindications/intolerances to pharmacological treatment. Thus, our study may not have accounted for contraindications to the use of reported medications. It is possible that financial barriers to afford medications could also be a reason for low documentation rates for the use of GDMT in these patients. In health care systems where documentation is considered important from both quality-measurement and reimbursement perspectives, such as in the United States, this would not restrict cardiologists from prescribing and/or documenting medications. However, because such documentation is not mandated in the Indian health care system, this phenomenon could itself lead to a lower documentation rate for the use of GDMT. We noted a trend for increasing documentation of medications over the study period, which could suggest that documentation of GDMT may increase after an initial learning phase. Apart from improved prescription and/or documentation of GDMT in HFrEF, these results could also indicate better data capture in the PIQIP registry as the experience of individuals capturing data (and understanding various brand names for medications used in patients with HFrEF) improved over time. In addition, this may reflect a secular trend of improvement in GDMT use. This increase over time may also represent benefits of participation in a quality-improvement registry. This phenomenon of significant increase in the use of GDMT associated with participation in a quality-improvement registry has been seen in the United States. 12 Although this is possible, we could not confirm this, given the lack of control sites. Lastly, audit and feedback were not routinely provided in the current phase of the study, and we expect that documentation may improve as we employ such procedures in the future.
Study Limitations
Our study has several limitations. The intent of this study was to provide an initial glimpse of the burden of HFrEF and the documentation of use of evidence-based medications. Our findings were based on preliminary data from a few centers and therefore may not reflect the use of evidence-based medications in patients with HFrEF in India at large. Most of our participating sites were located in urban areas, and we expect use of GDMT in suburban and rural areas to be potentially lower. After the PIQIP expands to include practices from wider geographic regions of India and implements additional quality-control measures, future analyses could provide important insights into geographic variation in care among patients with HFrEF. Similarly, capturing detailed patient information to allow researchers to identify contraindications to otherwise-indicated therapy will be important to better understand the care of patients with HFrEF. Other medications used in HF, such as diuretics and aldosterone antagonists, and other proven therapies in HFrEF, can also be explored in the future. As explained earlier, we believe that different documentation practices in India (for example, compared with the United States) could also explain the lower documentation of GDMT in India. Our study is based only on cardiology practices, and a large number of HF patients in India may be cared for by noncardiologists 13 with possibly even a lower frequency of GDMT. Given the data limitation, we did not evaluate whether the doses of β-blockers or ACEI/ARBs used were consistent with those recommended by the HF guidelines. 5, 6 We did not have levels of serum creatinine or serum potassium available in a great majority of these patients; therefore, any contraindication to the use of ACEIs/ARBs related to this could not be ascertained. Finally, given their participation in the PIQIP registry, the participating sites could be more motivated to improve their quality of care; therefore, our findings may not be broadly generalizable to routine cardiology practices. Despite these limitations, we show that measurement of outpatient quality of care for HFrEF is indeed feasible in a country with limited resources.
Conclusion
This is the first study to examine feasibility of quality improvement in patients with HFrEF receiving care in an outpatient setting in India. Despite several challenges, it was feasible to examine guideline-directed medications use in outpatients with HFrEF. Further efforts to expand the PIQIP registry will facilitate a better understanding of the determinants of evidence-based care delivery among patients with HFrEF in India.
